Abstract. Many kinds of rare earth elements (REE) such as europium and cerium have been make them essential elements in many high-tech components. The electrochemical studies can be presented as an interesting indication for europium and cerium extraction from phosphoric solutions, including solvation and complexation reactions. 
Introduction
Rare earth elements (REE) are particularly important to emerging technologies in green energy, defense and electronic industries [1] [2] [3] . Generally, they are present in sedimentary phosphate deposits, consequently in phosphoric acid. Various phosphoric acid solutions are produced from phosphate ores before fertilizer-grade phosphoric acid using an industrial processing and contain valuable quantities of rare earths elements; hence, it is considered as secondary source for rare-earth elements [4] [5] [6] . Only a small proportion of REE deposits are of sufficient size and concentration that they can be exploited economically using existing technology [7] . Rare earth elements exist in phosphorite deposits, which should be extracted using various methods [8] [9] [10] [11] . Systematic solvent extraction of rare earths from phosphoric acid by specific reagents aiming to form strong soluble complexes was reported in the literature [12] [13] [14] . However, their chemical properties depend not only on their atomic structure, but also on their size and charge.
For the development of a process to extract europium and cerium from phosphoric acid with high current efficiency, it is necessary to understand their electrochemical behavior in produced various phosphoric solutions, which are less developed [15] [16] [17] . The acidity function R 0 (H) allows to anticipate the thermodynamic constant evolution in phosphoric solutions, involving evening out a concentration gradient and evenly distributing the solute within the water and phosphoric solvents. The improvement of the successive stages in the industrial process to extract europium and cerium from phosphoric solution is possible if the thermodynamic properties such as water activity and solvation properties are known [18] [19] /Ce 3+ systems in phosphoric media, the electrochemical study of various concentrations of H 3 PO 4 solutions containing the europium and cerium was carried out to determine the reactivity of these species and their solvation in phosphoric acid. This study intends to highlight the most important characteristics of europium and cerium controlling its behavior in H 3 PO 4 -H 2 O media and so closely connected to its electrochemical properties.
Theoretical aspects
The solvation transfer coefficients characterize the changes of REE ion reactivity in phosphoric acid-water and consequently help to extract them. Variations of solute solvation are characterized by means of the solvation transfer activity coefficients "f" [20] [21] [22] .
When f > 1 (or log f > 0) signifies that the REE ion is less solvated in H 3 PO 4 -H 2 O than in pure water; but when f < 1 (or log f < 0) the REE specie is more solvated in the phosphoric solution. The coefficients "f" are calculated from standard potential values of the corresponding redox systems according to the equations (1) and (2): ( )
Where: w E 0 represents the normal potential of the considered redox system in water, A E 0 is its value in a phosphoric medium characterized by the acidity function R 0 (H) and the water activity a H2O [22] [23] To avoid chloride diffusion between the reference electrode and the solution cell, the saturated calomel electrode was connected to the work cell by a capillary, which contained 0.1 M H 3 PO 4 . During experiments, bubbling of nitrogen was maintained through the solution to avoid the presence of dissolved oxygen. The manufacturing of dough of carbon electrode is made as follows: a known amount of the studied compound was mixed with the graphite powder and the ligand conductor. A mixture of 0.4 -1.0 mg as electroactif compound, 50 mg of carbon and 40 mg of electrolyte is compressed into glass tube, in which the bottom of vitreous carbon insures the electrical contact. The whole is covered with a fine silica layer or a sintered glass to avoid the dispersion of the dough. 
Results
Oxidation and reduction processes play a main role in Eu and Ce rare earth elements chemistry requiring many chemical reactions. Their redox potentials can be used to predict the ionic distribution into solution, which may interact with the transfer of electrons. Normal and halfwave potentials of the both redox couples are considered equal, while the diffusion coefficients of cations are similar in the solution and amalgam accompanied with rapid reactions with the transfer number equals to 1. Figure 1 shows a typical cyclic voltammograms for the reversible oxidation and reduction of Ce(IV)/Ce(III) system using gold and carbon electrodes. /Ce 3+ redox systems is observed with the phosphoric acid concentration and a significant variation between the both redox systems, showing a variation in acidity and solvation of REE species. Two factors intervening antagonistic manner: the water activity and "REE-phosphate" complexation, which the last approach becomes significant only in the most phosphoric concentration. LOUIS and al. [24] have studied the relationship between complexation and solvation of some metal elements in various mineral acids (hydrochloric, perchloric, sulfuric) using acidity function R 0 (H) and solvation-transfer activity coefficients. In addition, the electrochemical behaviour of Fe(II) and Fe(III) ions on a gold electrode in H 3 PO 4 -H 2 O solutions has already studied in our previous work [25] . In current study, the transfer activity coefficients "f" were calculated from the normal potential values of redox systems (Figure 2) . The thermodynamic data lead to the calculation of the coefficients of solvation transfer activity for Eu 3+ /Eu
2+
and Ce 4+ /Ce 3+ systems (Figure 3 ). 4 3- ). This association becomes less at least relevant when the phosphoric concentration increases. When the H 3 PO 4 concentration increases until 11 M (R 0 (H) = -5.5), the REE-phosphate interactions diminish rapidly and proved by the increase of the normal potential of their redox systems. In addition, the power oxidizing of the Eu 3+ ions is comparable in water using 11 [26] . This behavior indicates the complexation of Eu 3+ by means of OH -groups, which are increasingly formed from the dissociation of water. Bilal and Langer [27] have shown that the formation of hydrolysed species of the lanthanides occurs in solutions having pH = 3.6 at T > 333 °K, even if these solutions contain complexing ligands. They thus propose, the following unique set of hydrolysis constants for the mentioned trivalent ions [28] :
The PO 4 concentration. More specifically, elevated phosphate concentration tends to enhance the REE complexation through the formation of stable REEphosphate complexes and consequently to remove the REE elements from water by the formation of REEphosphate precipitate.
Conclusion
The electrochemical properties of Eu /Ce 3+ are studied in various phosphoric acid concentrations, showing the hydrolysis and the complexation behaviours of studied rare earth elements. These systems are characterized by an equal R 0 (H) acidity level and different redox and complexing properties. The relationship between the R 0 (H) acidity function, solvation properties and the water activity in phosphoric acid concentrated solutions has demonstrated. These confirm that it is possible to prepare a specific phosphoric acid concentration for extracting europium and cerium metals using a systematic solvent extraction and different classes of cation exchangers.
